Milk produced by feeding silage-free feed has become popular in Europe. This kind of milk has recently been recognized as "traditional speciality guaranteed" by the European Union. As a consequence, an analytical discrimination of this silagefree produced milk quality has become necessary. In this study, discrimination of "haymilk" (HM) from conventional milk (CM) in retail samples was attempted taking in consideration all feeding seasons. For analytical discrimination, a partial least square discriminant analysis (PLS-DA) to fatty acids methyl esters (FAMEs) obtained from analysis by gas chromatography was applied. All groups of long-chain fatty acids, including saturated, odd chain fatty acids, mono-and polyunsaturated fatty acids of both cis/trans configuration, contributed to discrimination of the two types of milk, where alpha linolenic acid (+ 37% in HM) and conjugated linoleic acid (C18:2c9t11-+ 22% in HM) were the most relevant for calibration. Applying PLS-DA was successful in discriminating CM and HM from retail milk in all seasons. From 48 identified fatty acids, 18 showed different levels in CM and HM samples and could be used for discrimination of the two groups. The method was able to discriminate HM and CM produced in the cold season, but showed unclear results in the warm season due to a higher scattering of both groups. These higher deviations were attributed to the fact that most dairy cows are able to consume fresh grass during summer. Although it is not possible to discriminate HM and CM produced in warm season, the fatty acid pattern of HM can be taken as a reference, from which a properly produced HM should not deviate. A separate calibration for each season is recommended for optimal results.
Introduction
Hard cheese from raw milk has been produced in the Alpine region for centuries. When silage feeding of dairy cows became standard in the late eighteenth century, problems with high spore counts of clostridia occurred in matured hard cheese. As a consequence, regulations regarding milk produced by feeding dairy cows without silage were implemented by the Austrian dairy farming body [1] . This "silage free" milk labeled as "haymilk" (HM) is also very popular milk for daily consumption. Haymilk hast a distinct herb aroma [2] [3] [4] , which results from seasonal feeding, hay in winter period and mainly fresh grass, leguminous plants and foliage in green feeding period (summer period). The term "Haymilk" has been registered as "traditional speciality guaranteed" (TSG) by the European Union and has to fulfill strict criteria in production. For example, a selection of permitted crops is listed on the regulation and silage is of course strictly forbidden [1, 5] .
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Compared to silage feed, hay or fresh grass induces elevated concentrations of long chain polyunsaturated fatty acids (PUFA) and a decrease of short and medium chain fatty acids as confirmed by Bugaud et al. [6] . In a recent study Roda et al. [7] confirmed that grazing cows, specifically at high altitude, have a fat profile with higher content of PUFA. In ruminants, the relation of feed fatty acids (FA) to those FAs found in milk is more complex than in monogastric animals, since ruminal bio hydrogenation adds another factor that modifies dietary FAs. Nevertheless, fatty acid patterns in milk fat reflect the respective diet to a degree that permits distinction between different feeding regimes.
Information about the impact of dietary FAs on milk is well described in the literature. Administration of high energy feed (sunflower or soy bean supplements) or other fatty supplements such as oil seeds (e.g. linseed oil), algae or fish oil, does not affect milk yield but has an influence on the composition of FAs [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . These kinds of diets increase monounsaturated fatty acids (MUFAs) and PUFAs, such as alpha-linolenic acid (C18:3c9,12,15, ALA) as well as other unsaturated FAs, which are substrates for microbial hydrogenation in the rumen and are converted to a variety of unsaturated FAs, such as vaccenic acid (C18:1t11) or rumenic acid (C18:2c9,t11) [8, [10] [11] [12] 19] . A concomitant reduction of short and medium chained FAs (C10-C16) has been reported as well [20, 21] , but in case of palm oil supplementation, concentration of C16:0 increases [21] .
In the Alpine region, seasonal changes in feeding add another factor to FA profiles that needs to be considered. In the warm season, fresh green feed (fresh grass, foliage and leguminous plants) dominates, whereas in the cold season hay is the dominant feed [4] . This feeding results also in an increase of PUFA including CLA, as confirmed in different studies [9, [22] [23] [24] [25] [26] . All these characteristics were extensively studied in raw milk or in feed monitored works [13, 14, 27] . For production of conventional milk (CM), there are no feeding restrictions with 8regards to fresh grass so that it may also be produced by feeding non-silage feed, which is quite common during the warm period. This fact may cause difficulties for analytical discrimination of CM and HM.
Silage fodder, which is commonly used to produce CM, contains high levels of fermentable carbohydrates and low dietary fiber (e.g. corn silage, sesame meal) and is associated with increased milk yield, milk fat and milk protein concentrations, and with benefits such as increase of digestibility, more stable ruminal pH, and decreased risk of acidosis [28] , but not with specific changes in the FAs profile of the microbial flora of the rumen. Recently it was shown that cyclopropane fatty acids, which occur in milk fat as minor component, can be used as markers for silage feeding [29] and an enzymatic hydrolyzation provoke reduction of short and medium fatty acids and increase of long fatty acids which could produce differences in the physical proprieties of FA profiles [30] .
An actual study about discrimination of HM versus CM in raw milk samples was published by Werteker et al. [31] , who evaluated samples directly from farms. All samples were produced in winter season to avoid effects of comparable feeding regimes of cows in summer period. The results of the study indicated that total FAs profiles from a GC-FID based methodology are a sufficient basis to differentiate HM and CM by multivariate data treatment.
Aim of the present study was proof, if the method is suitable for the differentiation of milk samples bought from retailers. These samples embraced milk from different seasons and from different agricultural producers, which was also processed by different dairies from all relevant regions of Austria. Taking into account that HM should contain only silage free milk and that in CM it is possible to introduce silage milk or silage free milk, the food authorities could use this method for quality control purposes.
Material and methodology

Sampling
A total of 84 milk samples, all of ESL (extended shelf life) quality, were obtained from five Austrian retailers, 40 samples of CM, milk potentially produced by feed containing silage, which at least did not have the hay milk label and 44 samples of HM produced by feeding silage-free feed as defined by the regulations of TSG [1, 5] . All samples were declared as whole milk (fat content of 3.5-3.6%), pasteurized and peroxidase positive. For each season of the year 2015: March (Q1), June (Q2), September (Q3) and December (Q4) of 2015, 10 CM and 11 HM samples were acquired and analyzed within their labelled shelf life.
Materials
For confirming peroxidase activity, a screening ready-touse colorimetric peroxidase test (Merckoquant, Darmstadt, Germany) was used. Following chemicals were used for analysis: ammonia [25% for analysis], methanol, Methyl tert butyl ether (MTBE), petroleum benzene (boiling range 40-60 °C), n-Hexane, potassium hydroxide, sodium sulfate. All chemicals were of analytical grade and obtained from Merck (Darmstadt, Germany).
Fat extraction and sample preparation
Lipid extraction was performed by an adapted Röse-Gottlieb method [32] . Ten milliliter of milk sample (room temperature, 22 °C) were placed in Mojonnier flasks mixed with 2 ml of ammonia (25%) and shaken by hand for some 20 s. In variation to the original Röse-Gottlieb method, 10 ml of ethanol was used instead of methanol in order to avoid the formation of ethyl esters, which would interfere in the chromatogram. To each tube, 25 ml MTBE were added (in variation of Röse-Gottlieb method, instead of diethyl ether for laboratory safety) and strongly shaken for 1 min, 25 ml petroleum benzene was added to the extract and shaken for another 30 s, the sample was left for 1 h to obtain full separation of the layers. After this time, the upper layer was decanted and transferred in to a 100 ml round bottom flask and evaporated to dryness using a rotary evaporator at 40 °C. The extract was re-suspended with 5 ml n-Hexane and transferred to a 15 ml glass reaction tube containing a spatulatip of water-free sodium sulfate. For fatty acid methyl ester (FAME) measurement, 2 ml from the upper part of the solution was transferred to a 10 ml glass reaction tube and derivatized with 100 µl of 2N methanolic potassium hydroxide solution. The sample was shaken for 10 s and left reacting for another 6 min [33] . The upper phase was directly used for injection in the GC system. Samples were analyzed within 24 h after derivatization.
For identification of FAMEs, a SUPELCO 37 component standard was used (Supelco Co., Ltd, Bellefonte, PA, USA). Separation of FAMEs was performed on a gas chromatography system HP 6890 (Agilent, Minnesota, USA) equipped with automatic injector and flame ionization detector. A HP-88 column (100 m length, 0.25 mm ID) (Agilent, USA) was used at a constant flow rate of 0.6 ml/min and 1:100 split ratio with nitrogen as carrier gas.
The oven temperature was programmed at an initial setting of 100 °C and raised after 2 min at a rate of 15°C/min to 170 °C followed by a ramp of 1 °C/min to a final temperature of 240 °C, which was kept for 6 min. Injector and detector were both set at 250 °C.
GC analysis
Peak areas were corrected by theoretical response factor described by Schreiner and Hulan [34] . Minor FAs, which eluted after conjugated linoleic acid (CLA), were taken from another GC analysis, which was performed under the same conditions, just by using a splitless injection with a splitless time of 0.5 min. Peak areas of this second chromatogram were related to the peak area of ALA of this chromatogram and related to the peak area of ALA from the first chromatogram, which contained all FAs eluting before CLA. All peak areas were finally normalized to 100%.
Data processing
Final results were treated by partial least square discriminant analysis (PLS-DA), using the standardized evaluation mode and significance evaluation by two-tailed t-test (confidence intervalα = 0.05, 0.01 and 0.001) (Unscrambler®, Version 10.2; Camo, Oslo, Norway).
Statistic evaluation was applied in function of two studied factors (kind of milk and season of the year). Registered FAs were expressed in percent (%) of FAME.
Results and discussion
A total of 48 FAMEs were registered and quantified. The dominating SFA and MUFA are presented in Table 1 . The seasonal differences that were observed are in agreement with existing literature [35] . Comparing the different milk groups, some differences were observed. The major FA in milk, C16:0 differed only in the warm season (Q3) with 30.32 ± 1.70% in CM and 28.96 ± 1.35% in HM, whereas for all other seasons no differences were noted. On the other hand, C14:0 and C18:0 showed significant differences between HM and CM in the cold season (Q1 and Q4). An explanation for this behavior of SFA can be seen in the fact that C18:0 in contrast to all the other even chained SFA is not only synthesized de novo in the mammary gland, by the regular FAs metabolism or provided by the diet, but also the final product of bio hydrogenation [22, 26, 36] . Therefore, this result was expected, since any possible differences could only be attributed to crowding-out effects of other FAs, which are affected by feed or microbial activity, which obviously did not occur to a significant extent. Hofstetter et al. [9] and Velik et al. [35] showed lower levels of SFA for raw grass/hay feeding, whereas values for mixed feeding (hay/ concentrated or silage/concentrate) were higher between 63,5 ± 0.45 and 68.4 ± 0.56% of total FAME.
On the other hand, all odd chain FAs (C11:0, C13:0, C15:0, C17:0 und C23:0), which mainly derive from microbial activity, showed significant differences among the observed groups HM and CM (C19:0 was not evaluated, since a satisfying resolution from other components could not be obtained in a single separation). Especially in this group of FAs some seasonal effects could be observed, which showed a tendency of more significant differences in the cold season (Q1 and Q4). MUFA accounted for approximately 25% of total FAs (Table 2) . They were strongly influenced by season, as shown for oleic acid (C18:1c9) in Fig. 1a , which is also in agreement with published studies [37] . However, there were no differences between feeding groups regarding MUFA when the entire year was observed. Only C14:1 showed differences between HM and CM in Q1 and Q4 and C18:1c9 in Q4, whereas C18:1t differed in the warm season (Q2 and Q3). This later effect was similar to the behavior of odd-chain SFA, which is obviously due to the fact that C18:1t is also a product of microbial activity. This seasonal variation of C18:1t can be attributed to the 1 3 increased content of fresh herbage during summer [38] , as shown in Fig. 1a .
Many studies revealed that differences between feeding systems mainly affect PUFA such as ALA and CLA [3, 39] which together with linoleic acid (C18:2 c9,12; LA) are the most abundant PUFAs in milk. In average, PUFA in HM were approximately 14% higher than in CM (Table 2 .), although LA was unaffected. Most notably differences were found for ALA in all 4 seasons and CLA in 3 out of 4 seasons between feeding groups. However, there was a different trend in the sense that highest significance for ALA was found in Q1 and Q4 (P < 0.001), whereas CLA differed with high significance in Q3 (P < 0.001) and was also significant in Q4 and Q2 (P < 0.05), but not significant in Q1. This reciprocal trend can be explained by the fact that ALA is entirely deriving from dietary sources and not modified by microbial activity or by the cow´s metabolism, whereas the formation of CLA involves microbial bio hydrogenation [19, 23, 40] . Such independent trends can substantially improve the chance to enable statistical discrimination between the groups.
In addition, Table 2 presents a couple of detected minor FAs, which derive from elongation and desaturation of LA and ALA [3] . In essence, these FAs showed the same behavior as their parent FAs. In detail, C18:3c6,9,12, differed between groups in the cold season, C20:2c11,14 showed high seasonal variation, C20:3c8,11,14 and C20:4c5,8,11,14 (arachidonic acid) did not differ between groups, such as their parent FA LA. On the other hand, all omega-3 FAs (C20:3c11,14,17, C20:5c5,8,11,14,17 -EPA and C22:5c7,10,13,16,19 -DPA) showed differences among feeding groups, like their parent FA ALA. No difference could be observed for DHA, which may be due to the fact that this FA is present at very low amounts. Numbers in boldface show significant differences between haymilk (HM) and conventional milk (CM) Q1 (March), Q2 (June), Q3 (September), Q4 (December) indicate the quarter of sampling a P significant differences between haymilk and conventional milk in the year (*<0.05, **<0.01, ***<0.001) Figure 1b presents seasonal variations of CLA and ALA. Whereas the levels of ALA in HM as well as in CM and also the difference between these two levels remained more or less constant over the year, the concentration of CLA and especially the difference between the two feed regimes was markedly increased during Q2 and Q3. The marked influence of the seasons will consequently weaken the statistical strength, when only one single data set is established for all seasons.
While all these differences are well explained and reproducible in feeding trials under controlled conditions, differentiation between HM and CM in retail milk is more complicated for two reasons: First, consumer milk is a mixture from multiple individual animals, delivered from several producers, so that single feeding effects are likely to be obscured.
Data evaluation by multivariate statistics
Strong seasonal variation of many relevant FAs suggested that data treatment by multivariate statistics might be a promising approach to discriminate between feeding regimens. It has been shown in a previous paper that PLS-DA is producing more suitable results in this specific problem than Principal Component Analysis, because the study group classification is considered for the calculation of the principal components in order to gain a better prediction for unknown samples [31] .
The correlation loadings (Figs. 2, 3) of FAs, confirm the data shown in Tables 1 and 2 in the sense that ALA, and its elongation and desaturation metabolites (C20:3c11,14,17 and EPA), as well as CLA are most responsible for discrimination of the groups together with bacterial (odd chain and trans) FAs. These FAs were also the only ones that contributed to discrimination of the feeding groups in all seasons, which is in accordance with the findings of Bloksma et al. [41] , who found higher contents of CLA in organic milk. The reason for this behavior can be that CLA is a product of feed-derived FA (usually ALA) and additional modification by bacterial activity.
The grouping for HM and CM of samples collected in warm period (Q2 and Q3) was evident, the discrimination of the feeding groups was achieved for most, but not all single samples (Fig. 4a) , as observed by comparison of Fig. 4b . Four CM samples − 7,8,17,18-were from alpine regions and commercialized as conventional milk and contained similarly high values of CLA as HM. Better separation was obtained for the cold period (Q1 and Q4), where a clear grouping was observed (Fig. 4b) .
Conclusion
In the present study, it was shown that PLS-DA is a suitable method for discriminating HM and CM from commercial samples. Furthermore, it was shown that in warm period (fresh grass access), differences are still discriminable between CM and HM, but diminished. This result is due to the fact, that in this time the feeding regime for the production of CM is nearly the same as for HM. Therefore, an approach that uses different calibrations in summer and winter is necessary. The winter calibration should be performed as described above. For the summer season, we suggest a monovariate differentiation by the level of ALA, which showed significant differences throughout the season. The aim of the study to implement FA spectra to match HM quality with samples declared as "Heumilch" in food labelling was completely achieved, also for the GC-FID based method used here. For future research, study on longterm variations of FA profiles over a couple of years should be foreseen. 
